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INTRODUCTION 
Oxidases are enzymes which catalyze the immediate transfer 
of electrons to oxygen and can be divided into two groups. In 
the first, the enzyme catalyzes the formation of hydrogen per­
oxide by the transfer of two electrons to one molecule of oxy­
gen, In the second, the enzyme catalyzes the formation of 
water by the transfer of two electrons to one-half mole of 
oxygen. Ascorbic acid oxidase has been considered an example 
of the latter. 
Two types of ascorbic acid oxidases have received atten­
tion in the literature. The first oxidase is the copper en­
zyme from higher plant sources. This enzyme has been highly 
purified and its properties well characterized. The second 
enzyme was discovered in fungi and has been termed "atypical" 
because heavy metal inhibitors did not block the 
oxidation of ascorbic acid. 
The atypical ascorbic acid oxidase in Myrothecium verru-
caria is reported to have somewhat different properties in 
spores than in mycelium (37, 38, 63, 64). This was based on 
differences in pH activity response and substrate specificity 
between the extracted nycelial enzyme and the spore enzyme ex­
tracted or in intact spores. The possibility remained, however. 
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that the mycelial enzyme had been altered on extraction and 
partial purification. In addition, work (32) with Myrothecium 
extracts had shown an oxygen uptake in excess of the one-half 
mole per mole of ascorbic acid stoichiometry reported previ­
ously for the spore and mycelial extracts. Carbon dioxide 
also was produced during the reaction. 
It was the purpose of this thesis to determine some of 
the properties of the ascorbic acid oxidase in intact myce­
lium and thereby establish whether alteration of the enzyme 
had occurred in earlier work with the extracted enzyme. Pre­
vious evidence (61) had indicated this approach was possible 
because of the surface-location of the mycelial enzyme. 
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REVIEW OF LITERATURE 
Since the discovery of L-ascorbic acid by Szent-Gyorgyi 
(56) and by King and Waugh (28), many workers have been inter­
ested in its biological oxidation. This interest has resulted 
in the isolation and purification (9, 10, 33, 49) of ascorbic 
acid Oxidase from various higher plant sources. 
Meiklejohn and Stewart (40), working with cucumber, pro­
vided proof that copper was involved in catalysis when they 
found that dialysis against cyanide inactivated the enzyme by 
removal of copper and that about 67 percent of initial activity 
could be restored by the addition of excess inorganic Cu salt. 
The enzyme activity was much greater than that of ionic copper 
or Cu in loose combination with protein. Dunn and Dawson (13) 
at Columbia succeeded in isolating and characterizing a highly 
purified enzyme from crook-neck squash. They concluded that 
the enzyme was a specific Cu protein with a molecular weight 
of approximately 146,000 and a copper content of 0.26 percent. 
This indicated that the ascorbic acid oxidase molecule con­
tained 6 atoms of copper. 
The characteristic property of the purified oxidase to 
undergo enzyme inactivation during reaction was elucidated by 
Powers et al. (45). They found that this inactivation could be 
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reduced by the addition of a dilute gelatin solution. Powers 
and Dawson (44) found that heme proteins such as catalase and 
peroxidase gave greater protection against inactivation than 
did egg albumin, gelatin, or denatured catalase or peroxidase. 
The protection by catalase suggested hydrogen peroxide for­
mation but this molecule was not detected and earlier work by 
Steinman and Dawson (54) had given no indication of its for­
mation, More recent studies, however, by Tokuyama and Dawson 
(58) with the purified squash oxidase indicated that the 
enzyme inactivation was the result of a by-product, believed 
to be hydrogen peroxide, which accumulated during the course 
of the reaction. The enzyme in its active state apparently 
is extremely sensitive to trace amounts of hydrogen peroxide. 
The current interpretation of reaction inactivation by Dawson's 
group, involving production of very low levels of peroxide 
that inactivate the oxidase, explains the protection by cata­
lase that was observed earlier. The work of Dawson and 
Tokuyama (11) indicates that the hydrogen peroxide, a secondary 
product, is produced by some of the copper sites on the enzyme 
which function non-enzymatically. The amounts of hydrogen 
peroxide decomposed by catalase would be too small to give a 
significant difference in measurements of oxygen uptake. In 
a study of the valence state of copper in the active and 
denatured enzyme, Poillon and Dawson (41) have found that the 
prosthetic copper exists in a mixed valency state of approxi­
mately twenty five percent Cu(I) and seventy five percent 
Cu(II). Evidence was also presented by these workers (42) 
that the non-functional Cu(I) is responsible for the hydrogen 
peroxide production resulting in inactivation, In addition, 
it was found that the Cu(II) was the catalyst for ascorbic 
acid oxidation and the Cu(I) did not function enzymatically 
in this oxidation. Previous studies (25, 36) in these labo­
ratories had shown that the oxidase copper is exchangeable 
significantly with radioactive copper only w^ en the enzyme 
is functioning, 
Frieden and co-workers (14, 15) have studied the acti­
vation of ascorbic oxidase by a number of amino acids, pro­
teins, and heavy metal chelators with the observation that all 
of the activators reacted with cupric copper. Proteins, amino 
acids, thyroxine, EDTA, and nucleotides activated or protected 
at all concentrations while diethyldithiocarbamate, cyanide, 
and 8-hydroxyquinoline activated at low concentrations (10~^  
to 10 ^ M) but inhibited at high concentrations (10""'Sl). From 
this work and the observation that sulfhydryl compounds re­
versed the phenylmercuric chloride inhibition of ascorbic acid 
oxidase, these workers suggested a possible sulfhydryl nature 
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of the enzyme and postulated that either cupric ions or an 
ascorbic acid intermediate, formed during the reaction, oxi­
dized the thiol group of the active site resulting in inacti-
vation. Other workers (53), however, have concluded that the 
enzyme is not sulfhydryl dependent but have evidence suggesting 
that the copper is attached to the enzyme through a sulfur 
linkage. 
The typical ascofbic acid oxidase from higher plants is 
inhibited, as are copper enzymes in general, by copper ion 
chelators such as azide, cyanide, diethyldithiocarbamate, 
8-hydroxyquincline, and phenylthiourea (10). Frieden and 
Naile (15) have found that organic mercurial and heavy metal 
salt inhibition could be reversed by cysteine, glutathione, 
and BAL (2,3, dimercaptopropanol), indicating sulfhydryl 
dependence. 
The optimum pH values for ascorbic acid oxidases have 
been reported to range from 4.6 to 5.5 depending on the type 
of buffer used. The purified crook-neck squash enzyme had a 
pH optimum near 5.6 in phosphate-citrate buffer (45) while 
the cucumber enzyme had an optimum pH of 6.0 (40). 
A comprehensive study of the substrate specificity of 
ascorbic acid oxidase was made by Johnson and Zilva (24) and 
Snow and Zilva (52) in England. Johnson and Zilva found that 
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a crude oxidase preparation from cucumber oxidized L-ascorbate, 
D-araboascorbate, L-glucoascorbate, and L-galactoascorbate at 
approximately the same linear rate» All of the members in 
this series have an oxygen bridge which engages a hydroxy1 
group to the right of the carbon chain. The six and seven 
carbon analogs of these compounds, D-ascorbate (D-xylo-
ascorbate), L-araboascorbate, D-glucoascorbate, and D-galacto-
ascorbate were oxidized at approximately one-third the rate of 
L-ascorbate, and the rate was non-linear, decreasing with time. 
In the six carbon members of the latter slowly oxidizable 
group, oxidation proceeded more rapidly than in the seven 
carbon compounds showing that the rates were determined by 
the configuration of the assymetric carbon atom in the oxygen 
ring and the length of the carbon chain. Snow and Zilva found 
that dialyzed cucumber juice oxidized D-glucoascorbate, reduc-
tone, and reductic acid but with rates of oxygen uptake that 
decreased gradually with time. Dodds (12), also using a par­
tially purified cucumber enzyme, tested some other compounds 
and found that imido-D-glucoheptoascorbate, dihydroxymaleic 
acid, hydroquinone, catechol, dihydroxyacetone, Icojic acid, 
mannosaccharic acid, and glucuronic acid were not oxidized. 
The substrate specificity apparently is centered around the 
dienol grouping of the ascorbic acid. However, since 
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reductic acid and reductone were oxidized, the specificity 
was not limited to cyclic dienols with an oxygen bridge « It 
also appears that a free carbony1 group adjacent to the dienol 
group is required since no oxidation was observed with imido-
D-glucoheptoascorbate. There has not been a detailed study 
made of the substrate specificity of the highly purified 
ascorbic acid oxidase. 
Since a number of oxidases occur in plants, many experi­
ments have been conducted in order to show which one functions 
as the terminal oxidase in respiration. Considerable interest 
has been shown in the contribution of electron transport path­
ways other than cytochrome oxidase to cellular respiration in 
plant tissues. Most of this interest has come from findings 
in which the enzyme system mediating respiration had an ap­
parent low affinity for oxygen (23, 67), was relatively insen­
sitive to jcnown inhibitors of cytochrome oxidase such as car­
bon monoxide, azide, or cyanide (17, 22, 57, 67), or had an 
apparent lack of extractable cytochrome oxidase or character­
istic cytochrome absorption bands. 
Although ascorbic acid oxidase has often been implicated 
in terminal electron transport in plant tissues, the great 
mass of evidence now available strongly favors cytochrome 
oxidase. Qie line of evidence which supports this conclusion 
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that most, possibly all, terminal electron transport proceeds 
by way of cytochrome oxidase and not ascorbic acid oxidase, 
is that in both the intact tissues studies and the cytochrome 
oxidases extracted from these tissues, a high affinity for 
oxygen was observed. In order for ascorbic acid oxidase to 
function at maximum velocity, an oxygen tension many times 
greater than that required for cytochrome oxidase activity 
is needed. This requirement, along with the knowledge that 
cytochrome oxidase can be found in sufficiently large amounts, 
would suggest that all electron transport under low oxygen 
tensions proceeds by way of the cytochrome system. Corrected 
values, on some tissues containing an active cytochrome system, 
which were previously reported to have low oxygen affinities, 
have been obtained v^ en it was discovered that respiration 
rates measured in a liquid medium were limited by the rate of 
gas diffusion. It was found that higher oxygen affinities 
could be obtained by placing the tissues in a moist phase thus 
reducing gas diffusion limitations. 
Another line of evidence is that by using proper assay 
conditions, sufficient amounts of cytochrome oxidase can be 
found in tissue homogenates or particulate fractions to ade­
quately account for the corresponding respiratory rates in the 
tissues. When using the classical spectrophotometric 
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techniques, the typical cytochrome absorption bands (b,c, a-a^ ) 
can be seen in slices, bundles of tissue (34, 35), and in 
isolated mitochondria. 
At present, evidence is accumulating that respiration in 
certain tissues insensitive to cyanide, azide, carbon monoxide, 
or HOQNO (2-n-heptyl-4-hydroxyquinoline N-oxide) involves an 
alternate pathway of autoxidizable, cyanide-resistant flavo-
proteins or b-type cytochromes (2, 17, 18, 48, 66, 67) or 
possibly a partially cyanide-resistant cytochrome c-a-ag sys­
tem (4), indicating that, in such cases, terminal respiration 
can occur by way of cytochrome oxidase. Unfortunately, since 
inhibitors of ascorbic acid oxidase also affect the cytochrome 
system, it is difficult to establish the nature of the terminal 
oxidase in the tissue by inhibitor techniques alone. Honda 
(21) has shown this in his studies with barley roots. However, 
there is no evidence so far which would eliminate cytochrome 
oxidase as the terminal respiratory oxidase in plant tissues. 
While ascorbic acid oxidase probably does not function 
in terminal respiration in tissues with sufficient cytochrome 
oxidase and a high oxygen affinity, it cannot be conclusively 
said that ascorbic acid oxidase never functions in terminal 
respiration. Kiraly and Parkas (29) have suggested that ascor­
bic acid oxidase may be in an inactive state in healthy plants 
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but becomes an active terminal oxidase in a diseased plant. 
Smith and Chance (51), Mapson (39), and Bonner (3) elaborate 
on the evidence presented above. 
Two atypical ascorbic acid oxidases have been studied. 
One of these was found by MandeIs (37, 38) in the spores and 
mycelium of the fungus Myrothecium verrucaria (Alb. and Schw. ) 
Dit. ex Fr. This ascorbic acid oxidase was termed "atypical" 
because it differed from the higher plant oxidase in its re­
sponse to heavy metal inhibitors (8, 37, 38) and in substrate 
specificity. Hydroquinone, tyrosine, and catechol were not 
oxidized by the spores. The spores and the spore extracts 
both had a wide pH optimum of 4.5 to 7.0 in phosphate buffer. 
Both were inactivated during reaction, but differed from the 
purified higher plant enzyme in that they could not be pro­
tected with gelatin. White (61) has made a complete analysis 
of some of the properties of the extracted mycelial enzyme. 
His v^ ork indicated that the substrate specificity and the 
effect of pH on the activity of the mycelial oxidase were 
different from those of the spore and higher plant enzymes. 
The other atypical ascorbic acid oxidase, which is some­
what similar to the Myrothecium enzyme, was found in the slime 
mold Physarum polycephalum by Ward (60). The enzyme was not 
well characterized, but its activity did not appear to be 
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affected by heavy metal inhibitors or sulfhydryl reagents. 
Ward showed that the oxidation of ascorbic acid was stimulated 
by the addition of catalytic amounts of diethyldithiocarbamate, 
He postulated that a thiol group of this compound alternated 
from the reduced to the oxidized form and provided a means of 
electron transfer from ascorbate to oxygen. Ward also pro­
vided indirect evidence that the oxygen uptake in the diethyl-
dithiocarbamate-catalyzed reaction in Physarum polycephalum 
agreed stoichiometrically with the formation of hydrogen per­
oxide. He observed that added catalase caused oxygen evolution 
during the reaction and that the total oxygen uptake decreased, 
indicating the formation of hydrogen peroxide. Nevertheless, 
he was not able to detect hydrogen peroxide in the completed 
reaction mixtures and concluded that this was due to the rapid 
reaction of the compound with an unknown substance in the 
enzyme preparation. 
The atypical oxidase of I^ rothecium was reported to give 
the same stoichiometry as that of the higher plant oxidase 
(38), one-half mole of oxygen per mole of ascorbic acid oxi­
dized. MandeIs also found considerable catalase activity in 
the spore extracts which would make the detection of any hydro­
gen peroxide produced in the ascorbic acid oxidase reaction 
difficult. White (61) in his study of the mycelial enzyme. 
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also concluded that the stoichiometry of the ascorbic acid 
oxidation was similar to that reported for the higher plant 
oxidase, Lillehoj (31), assaying ascorbic acid oxidase activ­
ity in mycelial extracts of Myrothecium, demonstrated a devia= 
tion from expected stoichiometry based on the utilization of 
one-half mole of oxygen per mole of ascorbate oxidized. He 
found that oxygen uptake was in excess of calculated stoichi­
ometry and that carbon dioxide was produced during the oxida­
tion of ascorbic acid. He showed that this was not a non-
enzymatic catalysis and that reactions with lower levels of 
ascorbic acid deviated less from expected stoichiometry than 
those with higher levels. White and Krupka (62) have sug­
gested that Myrothecium verruearia contains, in addition to 
the oxidase, an oxygenase which also is specific for ascorbic 
acid. The oxygenase appears to have a different oxygen stoi­
chiometry as one mole of oxygen per mole of ascorbate oxidized 
is required with the formation of oxalic and threonic acids 
as products. They also have suggested that the carbon dioxide 
is due to the action of oxalic decarboxylase. Lillehoj and 
Smith (32), however, have shown that there was no change in 
excess oxygen consumption, carbon dioxide production or ascor­
bic acid oxidase activity when the oxalic decarboxylase was 
inhibited. 
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MandeIs (37) observed the response of the spore oxidase 
to certain heavy metal inhibitors and suggested that it was 
not a metal-protein. He found that both the intact and ex­
tracted spore oxidases were relatively insensitive to cyanide, 
azide, diethyldithiocarbamate, phenylthiourea, and 8-hydro­
xy qu incline at concentrations which completely inhibited the 
copper enzyme. The spore oxidase was inhibited by parachloro-
mercuribenzoate and paraquinone but was stimulated by iodo-
acetate giving uncertain evidence for functional sulfhydryl 
groups. White's (61) work with the mycelial ascrobic acid 
oxidase showed that it responded to the heavy metal inhibitors 
in the same way as that described by Mandels for the spore 
oxidase. 
The physiological role of the atypical ascorbic acid 
oxidases remains unknown. At the present time, the general 
conclusion appears to be that ascorbic acid oxidase is not 
the terminal respiratory oxidase. Darby and Goddard (7) 
tried to selectively inhibit the cytochrome system with cya­
nide in order to assess the role of cytochrome oxidase in 
mycelial respiration. However, they found that respiration 
of intact mycelium was not appreciably inhibited by O.OOIM 
cyanide although an active cytochrome oxidase could be 
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extracted which was typical in its sensitivity to low con­
centrations of this inhibitor. Hilton and Smith (20), on the 
other hand, using a culture from the same original isolate, 
observed a much greater sensitivity to cyanide. They sug­
gested that strain differences might have been involved since 
variations in culture characteristics had been noted. Also, 
they used younger mycelium (24 instead of 48 hour cultures). 
In addition, they suggested that the Krebs center well mix­
ture used in the earlier wi^ rk might possibly have led to 
underestimation of cyanide sensitivity. Their studies con­
firmed that the cytochrome system is the major site of elec­
tron transfer in Myrothecium respiration. 
Kidder (26) has continued the inhibitor effect studies 
of Darby and Goddard in an attempt to find out why the organ­
ism displays an insensitivity to cyanide, azide, and carbon 
monoxide. He concluded that the insensitivity was not due to 
failure of penetration or removal by some ccmplexing agent, 
as the same effects were observed in both the extracts and 
intact cellso His spectroscopic studies showed that f^ ro-
thecium possesses an apparently normal cytochrome system simi­
lar to those found in other organisms. He also found that 
none of the tested inhibitors reduced the activity of the 
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cytochrome oxidase preparations below about 10 percent of the 
maximum value and this residual activity could almost main­
tain the full respiration of the succinic oxidase system. 
Hilton (19) found that the succinoxidase system in a par­
ticle fraction from the mycelium was completely inhibited by 
1 microgram per ml. of SN 5949 (2-hydroxy-3-(2-methyloctyl)-1, 
4-naphthoquinone). Respiration was almost as sensitive being 
84 percent inhibited by 1 microgram per ml. and 95 percent in­
hibited by 1.67 micrograms per ml. White and Smith (63), in 
their studies on the possible role of ascorbic acid oxidase in 
terminal respiration, used antimycin a and SN 5949, selective 
inhibitors of the cytochrome system. These inhibitors have 
been reported to block electron transfer between cytochromes 
b and c (1, 43). They found that 10 micrograms per ml. of 
either inhibitor gave essentially complete inhibition of res­
piration, while the extracted ascorbic acid oxidase activity 
was unaffected by even higher concentrations. Concentrations 
as low as 5 micrograms per ml., while less effective, still 
inhibited the rate of oxygen uptake by 82 to 84 percent. A 
preliminary experiment with the intact organism indicated no 
inhibition of the ascorbic acid oxidase by SN 5949. 
Kidder (26) also found that 2.5 micrograms per ml. of 
antimycin a inhibited particulate preparations about 95 
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percent when tested on the succinic oxidase system, while in 
the whole irycelium, 25 micrograms per ml, did not have an 
effect until the oxygen concentration became very low. He 
concluded that the failure of inhibition was probably due to 
a permeability barrier. 
The ascorbic acid oxidase in the spores of Myrothecium 
seems to be more specific than the higher plant oxidase, 
Mandels (37) found that the spore enzyme oxidized L-ascorbate 
but not D-araboascorbate or D-glucoascorbate, both of which 
were oxidized by the squash enzyme. Although no other ana­
logs were tested, he suggested an absolute specificity for 
L-ascorbate, The spore enzyme was strongly inactivated by 
very low concentrations of D-araboascorbate while no similar 
effect was observed with D-glucoascorbate, A more detailed 
study of this inhibition by D-araboascorbate showed that high 
concentrations of L-ascorbate would not reverse the inhibition 
and that it was apparently non-competitive, Inactivation did 
not occur unless oxygen was present, leading Mandels to postu­
late a stable, ternary complex between the enzyme, inhibitor, 
and oxygen, D-araboascorbate appeared to react stoichio-
metrically with the enzyme since a linear relation was observed 
between the inhibitor concentration and degree of inhibition. 
The reaction was shewn to have a positive temperature 
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coefficient and was not reversed by dialysis. 
White and Smith (64) have done a more complete study of 
the substrate specificity of the mycelial enzyme and found 
that the properties were different from those of the spore and 
cucumber enzymes. MandeIs' (38) observation of a high degree 
of specificity of the spore enzyme for L-ascorbate was con­
firmed. The spore enzyme had significant activity manomet-
rically on only L-ascorbate out of 22 enediol analogs tested. 
In addition, the work by Mandels on the inhibition of L-
ascorbate oxidation by D-araboascorbate was confirmed and it 
was found that 6-deoxy-L-ascorbate and L-galactoascorbate also 
were inhibitory. The mycelial oxidase was found to be less 
specific for the L-ascorbate structure but like the spore 
enzyme, the 6 or 7-carbon analogs (D-xyloascorbate, L-arabo-
ascorbate, D-glucoascorbate, D-galactoascorbate, L-guloascor-
bate) with the opposite ring configuration to L-ascorbate 
were not oxidized. However, the 5-carbon analog (D-erythro-
ascorbate) with the opposite ring configuration was oxidized 
at a much lower rate. The 7-carbon analogs (L-glucoascorbate, 
L-rhajnnoascorbate, L-galactoascorbate) with the same ring 
configuration were oxidized at about the same rate as L-ascor­
bate, Wiile the 6-carbon compound (D-araboascorbate) was 
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oxidized at a lower and more variable rate. It was also 
observed that while low concentrations of D-araboascorbate 
completely inhibited the spore enzyme, there was no such 
effect on the rate of L-ascorbate oxidation by the mycelial 
enzyme. In White and Smith's study with the crude cucumber 
enzyme, the results were similar to those obtained by Zilva 
and coworkers (24, 52), They also found that none of the 
iminoascorbates were oxidized, supporting the earlier con­
clusions of Dodds (12) that a free carbony1 group was essen­
tial for activity. Ward (60) showed that the atypical oxidase 
of Physarum oxidized D-araboascorbate at the same rate as 
L-ascorbate but did not test any other analogs on this system. 
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MATERIALS AND METHODS 
Organism and Culture Technique 
Production of spores 
The principal culture of the organism studied, Myrothecium 
verrucaria (Alb. and Schw. ) Dit. ex Fr., strain QM 460, was 
obtained from Lillehoj (30) and came originally in 1950 from 
the Quartermaster Laboratories at Philadelphia. Strains 
QM 7989 and QM 7097 were received in 1962 from the Quarter­
master Research and Engineering Center in Naticlc, Massachusetts, 
These cultures provided the inoculum for all cultures used 
during this investigation. The organism was maintained by 
point inoculation on filter paper supported by a solid agar-
salts medium (55) of the following composition: 3.4 g. 
NH NO., 1.0 g. KH PO , 0.5 g, MgSO."7H 0, 0.1 g. NaCl, 0.1 g. 4  ^ Z 4 4 2 
CaCl^ , 4.97 mg. ZnSO^ 'TH^ O, 0.57 mg. 2.51 mg. CuSO , 
0.55 mg, Fe (SO ) "6H 0, 0.02 mg, (NH ) Mo-,0 "H-O, 2.0 g. 
2 4 3 z 4 6' 24  ^
yeast extract, 20 g. agar, and 1000 ml. distilled water. 
Prior to inoculation, approximately 25 ml. of the solid medium 
was autoclaved in 125 ml. Erlenmeyer flasks. When the agar 
had hardened, disks of sterilized filter paper were trans­
ferred to the flasks. 
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The point inoculation technique was used to detect any-
variant strain development. After inoculation, the cultures 
were incubated at 30°C. with sporulation occurring after 
about 2 to 5 days and gradually covering the filter paper 
surface, 
Spore production cultures were grown on the same filter 
paper and media as the point inoculation cultures. In this 
case, however, the spores from point inoculations were scraped 
into 10 ml. of sterile, distilled water and 0.5 ml. of this 
suspension was used to inoculate the spore production flasks. 
The uniform-aged spores produced by this method were used for 
inoculating the mycelial production flasks. In the 30°C. 
incubator, spore formation was initiated at 2 to 3 days and 
completed at about 5 days. Spore production cultures older 
than 3 weeks were generally discarded as the mycelial growth 
from these was usually poor. 
Mycelium production 
Mycelial pellets were produced in a liquid medium recom­
mended by Darby and Goddard (8). This medium had the following 
composition: 2.74 g. K^ HPO^ , 2.72 g. KH^ PO^ , 3.00 g. 
2,22 g, 50 g. glucose, 50 g. malt extract, and 
1000 ml. distilled water. The glucose plus nitrate and sul­
fate and the phosphates were autoclaved separately to avoid 
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magnesium precipitation. Celite filter aid was added to the 
malt extract suspension, and this mixture was filtered under 
suction. The cleared extract was then sterilized by filtra­
tion through a bacterial filter candle. The solutions were 
mixed in an automatic pipetter and dispensed in 25 ml. volumes 
into 125 ml. sterile Erlenmeyer flasks. Spores from spore 
production cultures were scraped into 10 ml. of sterile dis­
tilled water and a 0.5 ml, aliquot, containing approximately 
9 X 10^  spores per ml., was added to each culture. The liquid 
culture flasks were then incubated at 30°C. for varying periods 
of time on a rotary shaker. Each culture flask normally gave 
a wet weight yield of approximately 1.0 g. with variation 
depending on the age of the cultures. 
Preparation of mycelium 
For most experiments, two types of mycelium were used, 
unstarved mycelium and mycelium which had been starved in 
buffer. For unstarved mycelium, 4 to 6 cultures were har­
vested by centrifugation and washed three times at the centri­
fuge with distilled water. The mycelium was then resuspended 
in enough distilled water to give 30 to 50 mg. wet weight per 
ml. One ml, of this suspension was added to each Warburg 
flask. The reaction mixture in the flask contained 0.033M 
pH 6.0 potassium phosphate and, in some cases, 0.02M glucose. 
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Upon completion of the experiments, the n^ celixjm was rinsed 
from the Warburg flasks and filtered on sintered glass cruci­
bles. The crucibles were then oven dried at 100°C. for 24 
hours for individual dry weight determinations. 
For preparation of starved myceliiam, 4 to 6 cultures were 
filtered, washed once with distilled water, then resuspended 
in 80 ml. of cold, pH 6,0, 0.013M phosphate-O.OOlM Mg buffer 
and filtered. This washing step with buffer was repeated and 
the mycelial mat resuspended in 100 ml, of the buffer. This 
suspension was divided equally into two 125 ml, Erlenmeyer 
flasks and was shaken and starved for varying periods of time, 
usually 24 to 30 hours, at 30°C, After starving, the mycelium 
was harvested by centrifugation, washed three times with dis­
tilled water and redispersed in distilled water as described 
previously for unstarved cultures. 
Manometric Measurements 
All reaction measurements were made at 30°C, in a Warburg 
respirometer* with a shaking rate of 130 oscillations per min­
ute, The substrate was placed in the side arm of the flask 
and tipped into the reaction mixture after 10 minutes equili­
bration in the bath. The center well of the flask contained 
0,2 ml, of 20 percent KOH with a paper accordian to absorb 
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carbon dioxide. For cyanide studies, the KCN-KOH center well 
mixtures of Robbie (47) were used. These produce a sufficient 
amount of HCN in the atmosphere above the liquid to be in 
equilibrium with the desired concentration in the buffer around 
the mycelium. Readings were usually taken at 5 minute inter­
vals for the first 30 minutes and at 10 minute intervals there­
after, The initial rates were calculated from drawn reaction 
curves in all experiments and expressed in microliters oxygen 
uptake per hour. All data in this thesis are based on initial 
rates although most of the curves were plotted for 60 minutes 
and, in some cases, for longer periods of time to see if addi­
tional information could be obtained. The measurement of oxy­
gen uptake without substrate was done routinely so that the 
data could be corrected for endogenous respiration. All 
ascorbic acid oxidase activity measurements are expressed as 
differences in microliters oxygen uptake per hour per flask 
with and without ascorbate except for a few cases which are 
expressed as microliters oxygen uptake per hour per milligram 
dry weight of mycelium. All experiment numbers represent 
different cultures of mycelium. In each experiment readings 
generally were made on duplicate flasks « Standard reaction 
mixtures contained 1.0 ml. mycelium suspension, 1,0 ml. of 
buffer and either 0.2 ml. of 20 percent KOH with a filter 
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paper accordian or 0,2 ml. water in the center well. In cases 
where ascorbic acid oxidase activity was measured, 0.05 to 
0.4 ml. of O.IM ascorbic acid was added to the reaction mix­
ture. The total volume of the reaction mixture was 3.0 ml. 
and the fluid volume was 3.2 ml. Carbon dioxide measurements 
were made at 30°C. according to the "direct method" described 
by Umbreit et al. (59). The reaction components were adjusted 
to the desired pH with KOH and HCl. All pH's were measured 
with a Beckman meter. 
Indophenol Dye Measurements 
The measurement of ascorbic acid was carried out by 
colorimetric determination of reducing power with 2,6-dichloro-
phenolindophenol dye. This procedure was essentially the one 
described by Gyorgy (15) in which the unreduced dye was ex­
tracted with xylene. Stock dye was prepared by adding 27.5 mg. 
dye and 50 mg, NaHCO^  to distilled water. The solution was 
then filtered to remove any undissolved dye and diluted to 
25 ml. The stock dye was made up fresh each week and stored 
in the refrigerator. The stock dye was diluted 1:8 immedi­
ately before use. Upon completion of the experiment, the 
Warburg flask contents were filtered to remove the nycelium 
and a one ml. sample of the resulting supernatant was diluted 
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in 5% metaphosphate and 5 x 10~5m EDTA to stabilize the re­
ducing substances. Two 1 ml. samples of the supernatant 
diluted in 5% HPO^  were pipetted into 10 ml. test tubes which 
contained 1 ml. 15M acetate buffer at pH 4.0. One ml. of the 
cold dye was then added to the tubes and the mixtures stirred. 
One ml. yielded approximately the quantity of dye necessary 
to oxidize 50 micrograms of ascorbic acid. Immediately fol­
lowing this, 5 ml, of freshly distilled xylene was added and 
the tubes were shaken vigorously for 10 to 15 sec. to be sure 
that any oxidized dye was completely extracted in the xylene 
layer. The xylene layer was then removed with a pipette and 
placed into matched colorimeter tubes. The tubes were centri-
fuged to clarify the xylene. The optical density of the xylene-
dye mixture was measured at 510 millimicrons in a Photovolt 
colorimeter against a xylene blank. The optical density of a 
xylene-dye mixture which contained dye that had been partially 
reduced by ascorbic acid was subtracted from that of a dye-
blank. The dye-blank tube contained 1.0 ml. 5% HPO^ , 1.0 ml. 
acetate buffer, and 1.0 ml. dye. The concentration of ascorbic 
acid was calculated from the difference in optical densities 
with appropriate standardization. 
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EXPERIMENTAL RESULTS 
Development of Method for 
Ascorbic Acid Oxidase Measurement 
Use of inhibitors 
To study the properties of the ascorbic acid oxidase of 
the intact mycelium of I^ rothecium verrucaria, it was desirable 
to find a reliable method for estimating enzyme activity using 
oxygen consumption. However, there are other metabolic pro­
cesses involving oxygen consumption which may interfere. 
Since respiration involves oxygen uptake and thus interference, 
procedures to eliminate or minimize this factor were investi­
gated. The first approach to the problem of determining 
ascorbic acid oxidase was to use inhibitors which might block 
the cytochrome system but not the ascorbic acid oxidase. 
Antimycin a and SN 5949 Hilton (19) found that SN 5949 
gave 95 percent inhibition of respiration and complete inhi­
bition of the succinoxidase system of a particle fraction 
from the mycelium and White (51) found that SN 5949 and anti­
mycin a gave 97 percent inhibition of mycelial respiration. 
It appeared that these inhibitors might be useful in blocking 
mycelial respiration in studying the unextracted oxidase, 
SN 5949 and antimycin a both prevent the reduction of 
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cytochrome c by the SC factor in electron transport between 
cytochromes b and c (5, 6, 50, 65) without inhibiting any 
other component of the cytochrome system. 
Preliminary experiments were conducted to see if these 
inhibitors would effectively suppress respiratory oxygen up­
take under ascorbic acid oxidase conditions. Solutions of 
both compounds were prepared by dissolving 2 mg. in 2 ml. of 
95 percent ethanol and were kept in the cold when not used 
immediately. A volume not greater than 0.08 ml, was added to 
the flasks. The same volume of 95 percent ethanol was added 
to the control flasks. Phosphate and phosphate-citrate buffers 
at pH 4.5 were used since White (61) had reported this pH was 
optimum for the extracted ascorbic acid oxidase enzyme using 
both buffers. The results are shown in Table 1. The per­
centage inhibitions in the tables were based on the initial 
30 minutes of the reactions in all cases. The mycelial respi­
ration was inhibited approximately 64 percent by 22,1 micro­
grams per ml. of antimycin a, 55 to 68 percent by 11.3 micro­
grams per ml. and 50 percent by 5.7 micrograms per ml. Myce­
lial respiration was inhibited approximately 77 percent by 
23.3 micrograms per ml. of SN 5949, 75 percent by 11.7 micro­
grams per ml. and 69 percent by 5.7 micrograms per ml. The 
results indicated that there was some effect but that desired 
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Table 1. Effect of antimycin a (anti. a) and SN 5949 (SN) 
on the respiration of intact mycelium 
Expt. Inhibitor 
anti. a 
(pg/.-nl ) 
SN 
Oxygen uptake 
(;al Ar ) 
Inhibition 
(aver. %) 
9-26-ia 0 0 160, 144 
22.7 0 60, 50 64 
11.3 0 68, 69 55 
5.7 0 80, 71 50 
0 23.3 41, 30 77 
0 11.7 44, 31 75 
0 5.7 47 69 
9-28-1^  0 0 212 
11.3 0 64, 70 68 
9-28-lb 0 0 170, 148 
11.3 0 56, 72 60 
9-28-lC 0 0 166, 166 mm mmm 
11.3 0 62, 62 63 
S^tandard reaction conditions with 0.033M phosphate 
0.017M citrate pH 4.5, SN 5949 and antimycin a dissolved in 
95% ethanol. 
'^ Standard reaction conditions with 0.033M phosphate 
pH 4.5, antimycin a dissolved in 95% ethanol. 
S^tandard reaction conditions with 1.0 ml. water instead 
of buffer, antimycin a dissolved in 95% ethanol. 
inhibition of respiration had not been attained. Since there 
was in some cases little difference in results among the con­
centrations tested, it was thought that this might possibly 
be due to the inhibitors precipitating out of solution. Tests 
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run with the addition of the inhibitors in ethahol to water 
showed that concentrations of .13 micrograms per ml. were 
coming out of solution in some cases. 
Mandais (38) found that the spore oxidase had a broad 
optimum from pH 4.5 to above pH 7 to 8 and used pH 6.25 phos­
phate buffer in his work. It was decided to test the inhibi­
tors using a pH 6.2 phosphate buffer to see if this would 
improve the results. Because of the solubility tests with 
the inhibitors, levels above 13.5 micrograms per ml. were 
not used. The results of these tests are reported in Table 2. 
The mycelial respiration was inhibited approximately 69 per­
cent by 11.3 micrograms per ml. of antimycin a and 56 percent 
by 13c3 micrograms per ml. Mycelial respiration was inhibited 
approximately 74 percent by 11.7 micrograms per ml. of SN 5949 
and 82 percent by 13.3 micrograms per ml. In the presence of 
a glucose substrate, respiration was inhibited about 76 per­
cent by 11.3 micrograms per ml. of antimycin a and 69 percent 
by 13.3 micrograms per ml. SN 5949 under these conditions 
inhibited respiration about 83 percent and 77 percent at 11.7 
and 13.3 micrograms per ml. respectively. While the values 
for oxygen uptake in microliters per hour for the controls and 
inhibited systems were in good agreement in some cases, in 
others a great amount of variation was observed both among and 
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within experiments. Also, the use of a different buffer and 
pH and a glucose substrate did not improve the degree of 
Table 2, Effect of antimycin a (anti. a) and SN 5949 (SN) 
on the respiration of intact mycelium 
Expt, Inhibitor (;ag/ml ) Oxygen uptake Inhibition 
anti, a SN (;alAr ) (aver. %) 
10-3-1^  0 0 136, 136 
11,3 0 42, 42 69 
0 11,7 26, 20 83 
10-4-1^  0 0 200, 190 
11,3 0 39, 86 68 
0 11,7 72, 67 64 
11-1-1^  0 0 84, 118 
13,3 0 61, 26 56 
0 13,3 18, 19 82 
10-3-1^  0 0 192, 192 
11,3 0 48, 38 78 
0 11.7 21, 25 88 
10-4-1^  0 0 285, 318 
11,3 0 78, 84 73 
0 11.7 64, 70 78 
11-1-1^  0 0 120, 128 
13,3 0 26, 52 69 
0 13.3 30, 26 77 
S^tandard reaction conditions with 0.02M phosphate pH 6.2, 
SN 5949 and antimycin a dissolved in 95% ethanol. 
S^tandard reaction conditions with 0.02M phosphate pH 6,2, 
0.02M glucose, SN 5949 and antimycin a dissolved in 95% etha­
nol. 
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inhibition significantly. Representative curves of the oxygen 
uptake in these experiments are shown in Figure 1. Examination 
of these curves indicated that respiration was beginning to 
recover from inhibition by SN 5949 and antimycin a at approxi­
mately 30 minutes. A slow recovery of respiration from inhi­
bition by these compounds had been reported by Hilton (19) 
but only at concentrations lower than 1 microgram per ml. It 
was concluded that the mycelium in these studies evidently 
differed from that used by Hilton (19) and White (61) in its 
sensitivity to these inhibitors. 
Other experiments were conducted to compare the effects 
of pH 4,5 and pH 6.0 using 0.033M phosphate-citrate buffer. 
Although the differences observed were very small, it appeared 
that the respiration rate was slightly higher and the percent­
age inhibition was slightly greater at pH 6.0. For this 
reason, the pH 6.0 phosphate-citrate buffer was used through­
out the rest of the experiments. A slow recovery of respir­
ation from inhibition was observed, however, at approximately 
the same time for both buffers tested, 
A possible reason for the variability among experiments 
and within experiments might have been differences in amounts 
of mycelium among individual flasks because of difficulties 
in pipetting. In an attempt to reduce some of this variability. 
Figure 1. Decrease" in inhibition by Antiinycin a and 
SN 5949 with time 
1, Standard reaction conditions with 
0,02M phosphate pH 6,2 
2, With 11.3 micrograms per ml, 
Antimycin a 
3, With 11.7 micrograms per ml, 
SN 5949 
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the data were converted to a dry weight basis. Some of the 
data was analyzed by use of the coefficient of variation. 
The results are shown in Table 3, The data indicated that 
conversion of the oxygen uptake values to a unit dry weight 
basis slightly increased the variation rather than decreasing 
it. The major cause of this increased variation was probably 
due to an inaccurate measure of the dry weight because of the 
difficulty encountered in obtaining complete removal of such 
small quantities (3-5 mg.) of mycelium from the flasks. 
Thus far, it was concluded that a sufficiently high de­
gree of inhibition of respiration had not been achieved and 
that, in some cases, too much variability existed in the 
inhibited systems. This low inhibition was presumably due 
to the inhibitors dissolved in ethanol precipitating out of 
solution although this technique had been used successfully 
by White (61), 
In a second series of experiments the inhibitors SN 5949 
and antimycin a were dissolved in dioxane in a manner similar 
to that described by Hilton (19) to see if this method would 
give more complete inhibition by keeping the inhibitors in 
solution. The amount of inhibitor in solution, as well as 
the concentration, was considered important since Reif and 
Potter (46), studying the succinoxidase system of rat serum. 
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Table 3. Comparison of coefficient of variation of oxygen 
uptake on a per flask and unit dry weight basis 
Treatment^  Replicates Oxygen Coefficient of 
uptake variation {%) 
Unstarved 29 157,5  jul/hr 3,2  
Unstarved 29 39 ,6  )il/hr X mg 5,3  
Starved 75 46 ,5  pl/hr 10. o '  
Starved 75 15 ,4  p-l/hr X mg 12.8 
Unstarved (glucose) 44 170,2  }xl/hx 3.8 
Unstarved (glucose) 44 49 ,4  jul/hr X mg 4.9  
S^tandard reaction conditions with 0.033M phosphate 
citrate pH 6.0, 0,02M glucose where indicated. 
had found that the degree of inhibition was a function of the 
ratio between the amount of inhibitor and the amount of tis­
sue, Solutions were prepared by dissolving 2 mg. of inhibitor 
in 2,0 ml, of distilled dioxane. The desired concentration 
of inhibitor was obtained by dilution of the stock solution 
with water. Table 4 gives the results of an experiment with 
antimycin a in dioxane. Respiration of mycelium was inhibited 
approximately 70 percent by 12,7 micrograms per ml. A concen­
tration of 6,3 micrograms per ml, was about as effective, 
while 3,2 micrograms per ml, gave only about 43 percent inhi­
bition. In addition, a recovery of respiration from inhibi­
tion by this compound was observed both at concentrations of 
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Table 4. Effect, of antiinycin a (anti. a) on the respiration 
of intact mycelium 
Expto^  Dioxane Anti. a Oxygen uptake Inhibition 
(%) (;ug/ml) (_pl/hr x mg) (aver. %) 
6—11—2 0 0 36.1, 41,7 —— 
0.133 0 42.1, 35.2 
0.033 3.2 21.4, 22.9 43 
0,067 6.3 11.6, 13.5 68 
0.133 12.7 11.6, 11.4 70 
S^tandard reaction conditions with 0.033M phosphate-
citrate pH 6.0. 
6.3 micrograms per ml. and 3,2 micrograms per ml. in approxi­
mately 30 minutes. 
The results of an experiment with SN 5949 in dioxane are 
shown in Table 5. A comparison was made between the pH 6.0, 
0o033M phosphate-citrate buffer and the pH 6.2, 0.0167M phos-
phate-O.OOlM Mg buffer used by Hilton. Little or no differ­
ence was observed in percentage inhibitions among the concen­
trations tested or between buffers tested. It appeared that 
0.83 micrograms per ml. gave about as effective inhibition 
of respiration as 3.33 micrograms per ml, in both cases. 
Oxygen uptake curves indicated that recovery of respiration 
from inhibition was occurring in all cases in approximately 
30 minutes. It was concluded that dissolving inhibitors in 
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Table 5. Effect of SN 5949 (bN) on the respiration of intact 
mycelium 
"Expt. Dioxane SN Oxygen uptake Inhibition 
(;ag/ml) {pl/hx x mg) (aver. %) 
6-6-2^ 0 0 
0.033 0 
0.008 0.83 
0.017 1.67 
0.033 3.33 
6-6-2^  0.033 0 
0.008 0.83 
0.017 1.57 
0.033 3.33 
45.5 0 
52.8 0 
13.7 74 
19.3, 10.7 63 
17.4, 17.9 67 
47.9 0 
19.7 59 
18.0, 16.8 64 
18.7, 19.7 60 
S^tandard reaction conditions with 0.033M phosphate-
citrate pH 5.0. 
'^ Standard reaction conditions with 0.0167M phosphate-
O.OOIM Mg pH 5.2. 
dioxane did not significantly improve the degree of inhibition. 
The experiments with antimycin a and SN 5949 indicated 
that the almost complete inhibition reported by Hilton (19) 
and White (61) could not be obtained. Furthermore, the level 
of inhibition obtained was not consistent and reproducible 
and did not last for a sufficient time to be useful. 
Cyanide Darby and Goddard (7), using 48 hour cultures, 
originally reported that respiration of intact mycelium was 
not appreciably inhibited by O.OOIM cyanide. Hilton and Smith 
(20), however, using younger mycelium and a different center 
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well mixture, had observed much greater cyanide inhibition of 
mycelial respiration. In view of this observation, it was 
i 
decided to test the effect of O.OOIM cyanide on mycelium of 
varying ages to see if a high and reproducible degree of 
respiratory inhibition could be obtained. Three age groups 
of mycelium were tested: young (15-18 hrs.), intermediate 
(24-27 hrs.) and older (40-48 hrs.). The oxidase activity 
was determined by difference between flasks with and without 
ascorbate for both the controls and inhibited systems. 
The results with the intermediate aged mycelium are pre­
sented in Table 6. The average oxygen uptake of the respira­
tory controls was about 147 microliters per hr. while that of 
the inhibited systems was about 50 microliters per hr. The 
percentage inhibition due to cyanide was quite variable with an 
average of about 63 percent and a range of 22 to 93 percent. 
While the values for the oxidase activity of the inhibited sys­
tems and controls were in relatively good agreement in about 
half of the experiments, in the remainder considerable differ­
ences were observed. Typical oxygen uptake curves are shown 
in Figures 2 and 3. In Figure 2 it can be seen that there was 
a distinct recovery of respiration from inhibition by cyanide. 
On the other hand, in Figure 3 the respiratory inhibition in 
the presence of cyanide was observed to increase. 
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Table 6. Effect of cyanide on the respiration and on ascorbic 
acid oxidase activity of intermediate aged mycelium 
Oxygen uptake 
Without With Oxidase 
Expt.^  Cyanide ascorbic acid ascorbic acid activity 
(M) Inhibition 
(>il/hr) (aver. %) (pl/hr) (aver. ;ul/hr) 
12-12-1 0 152, 146 231, 243 88 
0.001 56, 74 56 154, 166 95 
12-14-1 0 128, 120 170, 206 64 
0.001 48, 62 56 148, 154 96 
1-18-2 0 _ 108, 108 198, 170 76 
0.001 ' 50, 48 55 122, 136 80 
2-1-2 0 206, 190 282, 294 90 
0.001 14, 44 85 146, 70 79 
2-15-2 0 218, 210 306, 316 97 
0.001 16, 28 90 90, 90 68 
3-16-2 0 142, 146 204, 206 61 
0.001 36, 36 75 72, 66 33 
6-22-2 0 128, 128 202, 210 78 
0.001 lOQ, 98 23 152, 152 53 
7-10-2 0 114, 114 154, 158 42 
0.001 40, 40 65 94, 92 53 
S^tandard reaction conditions with 0.033M phosphate-
citrate pH 6.0. 
Table 7 gives results found with the older mycelium. 
The average oxygen uptake of the respiratory controls was 
about 161 microliters per hr. while that of the inhibited 
Figure 2, Effect of O.OOIM cyanide on intermediate 
aged mycelium respiration with and with­
out O.OIM ascorbate. Standard reaction 
conditions with 0.033M phosphate-citrate 
pH 6.0 
1. Control 
2. With ascorbate 
3. With cyanide 
4o With cyanide and ascorbate 
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Figure 3. Effect of O.OOIM cyanide on intermediate 
aged mycelium respiration with and with­
out O.OIM ascorbate. Standard reaction 
conditions with 0.033M phosphate-citrate 
pH 6,0 
1. Control 
2. With ascorbate 
3, With cyanide 
4, With cyanide and ascorbate 
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Table 7. Effect of cyanide on the respiration and on ascorbic 
acid oxidase activity of older aged mycelium 
Oxygen uptake 
Without With Oxidase 
Expt.^  Cyanide ascorbic acid ascorbic acid activity 
(M) Inhibition 
(pl/hr) (aver. %) (jul/hr) (aver. ;al/hr) 
3-17-2 0 194, 180 375, 393 197 
0,001 66, 78 62 270, 250 188 
7-4-2 0 124, 124 -WW 280, 280 156 
0,001 120, 122 0 240, 240 119 
8-20-2 0 156, 156 290, 290 134 
0,001 112, 112 28 230, 230 118 
7-25-2 0 176, 176 MM MM MM 290, 308 123 
0,001 118, 106 36 148, 148 36 
S^tandard reaction conditions with 0.033M phosphate-
citrate pH 6,0, 
systems was about 104 microliters per hr. The percentage 
inhibition, again, was variable with an average of approxi­
mately 32 percent and a range of 28 to 62 percent. The values 
for the ascorbic acid oxidase activity of the controls and 
inhibited systems were in relatively good agreement in 3 out 
of 4 experiments. Figure 4 illustrates the oxygen uptake 
curves observed with older mycelium, A rapid recovery of 
respiration from cyanide inhibition was observed. 
Figure 4. Effect of O.OOIM cyanide on older aged 
mycelium respiration with and without 
O.OIM ascorbate. Standard reaction con 
ditions with 0.033M phosphate-citrate 
pH 6.0 
1. Control 
2. With ascorbate 
3. With cyanide 
4o With cyanide and ascorbate 
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Table 8 shows the results with young mycelium. The 
average oxygen uptake of the respiratory controls was about 
61 microliters per hr. The inhibition of respiration was 
essentially complete in almost every experiment. In every 
case, however, the calculated ascorbic acid oxidase activity 
was markedly higher in the inhibited than in the control 
flasks. Figure 5 shows the typical oxygen uptake curves ob­
served with young n^ celium. It can be seen that cyanide com­
pletely inhibited respiration. The oxygen consumption appar­
ently due to ascorbate was higher in the inhibited systems 
than in the uninhibited. This indicated that the cyanide 
evidently was stimulating the enzymatic activity in some man­
ner. 
It was concluded from the data obtained that the use of 
cyanide as an inhibitor would not be useful in the study of 
the oxidase. A recovery of respiration from inhibition by 
cyanide was observed in both the intermediate and older my­
celium, In addition, the percentage inhibition in the pres­
ence of cyanide increased in some cases with intermediate 
mycelium. The average inhibition for intermediate mycelium 
was 63 percent while that for the older mycelium was only 
32 percent with considerable variation in both cases. While 
essentially complete inhibition was obtained in every 
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Table 8. Effect of cyanide on the respiration and on ascorbic 
acid oxidase activity of young aged myceliim 
Oxygen uptake 
Without With Oxidase 
Expt.^  Cyanide ascorbic acid ascorbic acid activity 
(M) Inhibition 
{)xl/hx) (aver. %) (;il/hr) (aver. ^ 1/hr) 
1-20-2 0 49, 32 
0.001 0, 0 100 
92, 110 
90, 90 
61 
90 
2—1—2 0 76, 68 — 
0.001 14, 14 81 
3—16—2 0 38 — 
0.001 0, 0 100 
7—12—2 0 44, 40 — 
0.001 0, 0 100 
142, 146 
112, 112 
120, 134 
112, 120 
82, 
74, 
78 
74 
72 
98 
89 
116 
38 
74 
8—3—2 0 40, 38 98, 104 
0.001 0, 0 100 90, 110 
8-18-2 0 74, 74 136, 142 
0.001 0, 0 100 128, 128 
8-21-2 0 112, 112 220, 220 
0.001 0, 0 100 176, 176 
62 
100 
65 
128 
108 
176 
S^tandard reaction conditions with 0.033M phosphate-
citrate pH 6.0. 
experiment with young mycelium, the oxygen uptake curves indi­
cated that the cyanide stimulated ascorbic acid oxidase ac­
tivity in some unknown way. 
Figure 5. Effect of O.OOIM cyanide on young aged 
mycelium respiration with and without 
O.OIM ascorbate. Standard reaction con­
ditions with 0.033M phosphate-citrate 
pH 6.0 
1. Control 
2. With ascorbate 
3. with cyanide 
4. With cyanide and ascorbate 
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It was clear that the use of these inhibitors would not 
provide a satisfactory method for studying the enzyme, With 
cyanide, only in the experiments with young mycelium was suf­
ficient inhibition of respiration achieved. However, an 
apparent stimulation of enzymatic activity under these condi­
tions nullified its use as a reliable method. On the average, 
cyanide sensitivity was observed to decrease with increasing 
age of the mycelium. This was obscured, however, by the range 
of variability encountered. The results with antimycin a and 
SN 5949 indicated that a high and reproducible degree of inhi­
bition of respiration was not obtained. In addition, a recovr-
ery of respiration from inhibition by these compounds, as well 
as cyanide, was observed. Under the conditions tested, none 
of these inhibitors proved to be useful in studying the un-
extracted oxidase. 
Comparison of single and double flask methods to correct for 
respiratory oxygen consumption 
The manometric method employed had not been very precise 
in the measurements of oxygen uptake. Considerable variation 
had been observed both among and within experiments apparently 
due in part to difficulties in pipetting the mycelium. To see 
if the precision of the method could be improved, use of a 
single flask for the measurements was investigated. In the 
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foregoing work, the double flask method was used to measure 
ascorbic acid oxidase activity. In this method, one flask 
contained all reaction components except ascorbic acid and 
served as a respiratory control. In the second flask, ascor­
bic acid was added initially to the other reaction components. 
The activity of the enzyme was calculated by the difference 
in the rate of oxygen uptake between the two flasks. If a 
single flask could be used to measure both respiration and 
ascorbic acid oxidase activity, a more accurate and economical 
method would be possible. Respiration would be measured for 
an initial period (30 miniates) and then ascorbate would be 
added. Oxygen consumption due to ascorbic acid oxidation 
could be calculated by difference if the respiration rate 
remained linear. Previous work in this laboratory had indi­
cated that the rate of respiration was linear for approximately 
60 minutes. 
Experiments were conducted to compare the single and 
double flask methods. The results of some of these experi­
ments are shown in Table 9. They indicate that in most cases 
the oxygen consumption due to ascorbic acid was considerably 
lower in the single than in the double flask method. An 
examination of the oxygen uptake curves indicated that the 
respiratory rate was not linear for 60 minutes in all cases. 
54 
Table 9, Comparison of the single and double flask method 
of measuring ascorbic acid oxidase activity 
Expt, Method'^  
Oxygen uptake 
Without 
ascorbic acid 
{p.l/hx ) 
With Oxidase 
ascorbic acid activity 
(;jl/hr) (aver, jal/hr) 
9-26-3 150, 
136 
126, 387, 345, 
369 
230 
D 140, 
136, 
140, 
132 
358, 348, 
370, 356 
221 
10-1-3 166, 
156, 
160, 
160 
166, 160, 
156, 160 
0 
D 
10-3-3 
10-8-3 
D 
D 
150, 
146 
138, 
126, 
128, 
116 
158, 
156, 
148, 
134 
144, 
144, 
132 
120, 
164, 
152 
136, 
206, 208 
180, 164, 
170, 168 
190, 210, 
192 
171, 171, 
171 
188, 218, 
200 
60 
36 
76 
13 
63 
S^ingle flask (S), double flask (D), standard reaction 
conditions with 0.033M phosphate-citrate pH 6.0. 
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Thus, in the single flask measurements, a decrease in respira­
tory oxygen consumption in the 30 to 60 minute period led to an 
under-estimation of the rate due to the oxidase. An extreme 
case, 10-1-3, showsd no activity by the single flask method. 
Glucose was added as a substrate to see if the initial 
respiration rate could be maintained for at least 60 minutes. 
The results of these experiments are shown in Table 10, The 
oxygen uptake curves indicated that respiration again was not 
linear for 60 minutes in every case leading to erroneous es­
timates of oxidase activity. Even in cases where the rate of 
respiration was linear, 10-31-3, 11-14-3, significant differ­
ences between the methods in the oxygen uptake attributed to 
ascorbate were observed. In essentially every experiment, 
the oxygen uptake, attributed to ascorbic acid oxidation, in 
the single flask method was less than that in the double. 
Because these differences in oxygen uptake could not be resol­
ved, it was concluded that the single flask method would not 
provide a satisfactory measure of ascorbic acid oxidase ac­
tivity. 
Use of starved mycelium to reduce respiration 
Since the earlier attempts to reduce respiration with 
inhibitors had not given the desired results, starving the 
mycelium to obtain a lower respiration rate was investigated. 
56 
Table 10, Comparison of the single and double flask method of 
measuring ascorbic acid oxidase activity using 
0.02M glucose as a substrate 
Expt. Method 
Oxygen uptake 
Without 
ascorbic acid 
(;alAr) 
With Oxidase 
ascorbic acid activity 
(;il/hr ) ( aver. jjil/hr ) 
10-29-3 S 148, 150, 
136, 140 
264, 290, 
248, 256 
121 
D 134, 128, 
126 
248, 254, 
258 
124 
10-31-3 S 212, 180, 
184 
230, 240, 
220, 228 
38 
D 182, 180, 
184 
240, 250, 
240 
61 
11-7-3 198, 204, 
168, 182 
226, 226, 
204, 226 
33 
D 174, 168, 
166 
234, 236, 
230 
64 
11-11-3 S 136, 136, 
128, 126 
130, 138 
148, 140 
D 106, 106, 
96 
144, 156, 
154 
48 
11-14-3 S 162, 168, 
146, 154 
178, 182, 
180, 186 
24 
D 140, 136, 
136 
192, 202, 
192 
58 
S^ingle flask (S), Double flask (D), standard reaction 
conditions with 0.033M phosphate-citrate pH 6.0. 
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This was done as described in the methods section. Experi­
ments compared unstarved mycelium and starved mycelium from 
the same culture. The results are shown in Table 11. The 
average respiration rate of the unstarved mycelium was 186 
microliters per hr. and the starved mycelium was 36 microlit­
ers per hr. Starvation reduced the respiration rate approxi­
mately 80 percent with a range of 70 to 90 percent. The 
ascorbic acid oxidase activity was calculated by difference 
in oxygen uptake between flasks with and without ascorbate. 
For six experiments, the average oxygen uptake due to the 
oxidase was 46 microliters per hr. for unstarved mycelium while 
that for the starved mycelium was 65 microliters per hr. In 
every case, the calculated ascorbic acid oxidase activity was 
higher in the starved mycelium. Typical rate curves from these 
studies are shown in Figure 6. It appeared that this method 
was the most promising of those studied and would give the 
most accurate estimate of ascorbic acid oxidase activity. 
Starvation, by suppressing respiration to a consistently low 
level, would give greater precision in the oxidase activity 
values. It was realized that a weakness of this method was 
that there might be effects on the organism other than reduc­
ing respiration. 
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Table 11. Comparison of ascorbic acid oxidase activity in 
unstarved and starved mycelium 
Oxygen uptake 
Expt. Treatment^  Without With Oxidase 
ascorbic acid ascorbic acid activity 
(jul/hr) Oal/hr) (aver, /il/hr) 
12-3-3 U 154, 158, 188, 188, 33 
146, 148 180, 182 
S 19, 19, 68, 68, 49 
20 70, 66 
12-6-3 U 148, 152, 198, 198, 49 
144, 144 194, 194 
S 36, 36, 82, 92, 56 
32, 32 82, 82 
12-10-3 U 220, 204, 250, 264, 51 
196, 196 248, 258 
S 32, 32, 110, 116, 73 
36, 34 104, 98 
1-21-4 U 142, 144, 192, 198, 51 
144, 136 194, 188 
S 40, 46, 114, 120, 67 
50, 42 106, 106 
U^nstarved (U), standard reaction conditions with 0.033M 
phosphate-citrate pH 5.0, 0,02M glucose. Starved (S), stan­
dard reaction conditions with 0.033M phosphate-citrate 
pH 6.0. 
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Table 11 (Continued). 
Oxygen uptake 
Expt. Treatment^  Without With Oxidase 
ascorbic acid ascorbic acid activity 
{pl/hx) [pl/hx) (aver, jul/hr) 
1 C
O CN 1 I—
1 
U 238, 
238, 
228, 
226 
298, 
288, 
282, 
286 
56 
S 22, 
22, 
22, 
22 
78, 
76, 
88, 
74 
57 
2-11-4 u 232, 
238, 
222, 
252 
268, 
286, 
268, 
268 
37 
s 64, 
64, 
70, 
64 
156, 
154, 
160, 
154 
90 
It also was necessary to consider whether ascorbic acid 
might have an inhibitory effect on respiration leading to 
inaccurate measurements. Evidence presented by White (61) 
had indicated that this was not the case. He found a short-
term exposure of the mycelium to dilute acid (pH 2) completely 
inactivated the oxidase= When ascorbic acid was added after 
acid treatment, no oxidase activity could be demonstrated but 
the rate of endogenous respiration was not significantly 
changed. This was true whether the mycelium was starved or 
unstarved. However, since the oxidase activity was measured 
by difference between systems with and without ascorbate, the 
Figure 6. Comparison of rates of oxygen consumption 
in unstarved and starved mycelium with and 
without O.OIM ascorbate. Standard reaction 
conditions with 0,033M phosphate-citrate 
pH 6,0 
1. Unstarved 
2. Unstarved with ascorbate 
3. Starved 
4. Starved with ascorbate 
61 
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possibility existed that in systems with ascorbate, respira­
tion might be inhibited to a certain degree and the oxidase 
activity underestimated with mycelium not exposed to acid. 
In comparable acid-treated systems with ascorbate, respiration 
presumably would be inhibited to the same degree and would 
give a respiratory oxygen uptake value lower than systems with­
out ascorbate. If, however, the oxidase was not completely 
inactivated, sufficient enzyme activity might remain to give 
the same net effect as respiration alone* This was considered 
unlikely as it is doubtful if the same amount of enzyme would 
remain active in every case following acid treatment. In ad­
dition, White (61) also found the extracted mycelial enzyme 
was completely inactivated at pH 2. 
Further data were obtained in this study on whether 
ascorbate had an inhibitory effect on respiration. The method 
depended on oxidase inactivation observed as a decrease in re­
action rate with time before substrate depletion (so-called 
reaction inactivation). Comparisons were made of rate curves 
of flasks with and without ascorbate. Since examination of 
the curves indicated that inactivation was complete by approx­
imately 3 hours, the rates were compared for the 3 to 5 hour 
period. The results are presented in Table 12. In these 
experiments, colorimetric measurements showed ascorbic acid 
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Table 12, Effect of ascorbic acid on the respiration of 
starved mycelium after 3 hours 
Expt. Oxygen uptake Ascorbate 
Without With remaining 
ascorbic acid^  ascorbic acid^  (/imoles) 
(;al/hr) (>il/lir) 
9-18-4 99 105 15 
9-24-4 98 98 25 
9-25-4 82 80 30 
9-28-4 96 100 27 
S^tandard reaction conditions with 0.033M phosphate-
citrate pH 6.0. All rates based on average of 2-3 flasks. 
Id 
standard reaction conditions with 0.033M phosphate-
citrate pH 6,0, 40 micromoles ascorbic acid. All rates based 
on a single flask. 
remaining under these conditions. Since the rates in the 
presence of ascorbate after enzyme inactivation were not 
significantly lower than those without ascorbate (i.e. res­
piration) , it was concluded that ascorbate did not have an 
inhibitory effect on respiration. 
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Properties of the Enzyme 
Relationship of oxygen consumption to ascorbic acid oxidation 
Ascorbic acid oxidase, both crude extracts and the highly 
purified enzyme from higher plants, has been reported to cat­
alyze the oxidation of ascorbic acid with the utilization of 
one-half mole of oxygen per mole of ascorbic acid (13). 
This relationship has also been reported for the spore and 
mycelial extracts of Myrothecium (38, 64). More recently, 
however, oxygen uptake in excess of this stoichiometry has 
been found with the Myrothecium mycelial extracts (32). This 
work prompted an investigation to see if the reaction with the 
unextracted enzyme was similar to that with the extracted 
oxidase. Such a comparison might indicate whether the 
"abnormal" stoichiometry of the extracted enzyme was due to 
some alteration from the native state. 
In addition to gas exchange data, colorimetric measure­
ments were used to determine the disappearance of reduced 
ascorbic acid in the reaction systems. Comparisons were made 
at various time intervals between oxygen uptake, attributed 
to the oxidase, measured manometrically and that calculated 
from dye measurements assuming a stoichiometry of one-half 
mole of oxygen per mole of ascorbic acid. For most experi­
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ments, 5 and 40 micromoles of ascorbic acid were used to see 
if there were differences. With 5 micromoles, the oxidase 
would not be saturated but all of the ascorbate would be oxi­
dized. On the other hand, the enzyme would be saturated at 
40 micromoles but the ascorbate would not be completely oxi­
dized due to reaction inactivation of the enzyme. The data 
from these experiments are presented in Table 13, In essen­
tially all cases the 5 micromole amount was completely oxi­
dized in the first hour, and there was relatively good agree­
ment between the colorimetric and manometric measurements. 
No evidence of oxygen uptake in excess of the calculated 
stoichiometry was detected. 
An examination of the data with the 40 micromole amounts 
indicated less than 50 percent of the ascorbic acid was oxi­
dized at 3 hours, and this value was essentially the same at 
5 hours providing evidence that the enzyme had been inactiva­
ted. Considerable variation was observed between the colori­
metric and manometric measurements both among and within ex­
periments. Due to the magnitude of the variability in the 
data, large amounts of excess oxygen would be necessary to 
establish an uptake different from one-half mole per mole 
stoichiometry. In only two experiments, 9-24-4, 9-25-4, was 
there evidence of excess oxygen consurtption. This excess. 
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Table 13, Comparison of manometric and colorimetrie methods 
of measuring oxygen consumption due to ascorbic 
acid oxidase activity of starved mycelium of 
strain QM 460 
Expt.^  Time^  Ascorbate 
(jumoles) (pi) 
Oxygen 
uptake 
i p l )  
Ascorbic acid 
disappearance 
(pi) 
2-12-4 60 30 336 66 46 
66 76 
63 71 
62 68 
9-22-4 60 5 56 49 56 
45 56 
60 40 448 91 140 
60 90 148 
120 119 174 
• 
180 134 187 
9-24-4 60 5 56 46 44 
49 43 
60 40 448 153 76 
120 172 94 
180 191 104 
240 201 138 
300 199 170 
S^tandard reaction conditions with 0,033M phosphate-
citrate pH 6.0, 
F^lasks removed at specified times and analyzed. 
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Table 13 (Continued). 
Expt,^  Time^  Ascorbate Oxygen Ascorbic acid 
uptake disappearance 
(>mioles) ()il) (>il) (>il) 
9-25-4 30 
60 
60 
56 33 
49 
47 
40 
44 
47 
30 
60 
120 
180 
240 
300 
40 448 63 
101 
123 
128 
147 
148 
38 
53 
76 
75 
106 
109 
9—28—4 30 
60 
60 
56 36 
43 
44 
40 
47 
49 
30 
60 
120 
180 
240 
300 
40 448 59 
85 
95 
144 
151 
146 
68 
95 
128 
120 
145 
145 
12-8-4 60 
60 
56 51 
49 
49 
48 
10 
20 
30 
40 
50 
60 
120 
210 
40 448 38 
83 
108 
126 
136 
150 
178 
203 
17 
57 
67 
90 
90 
112 
146 
202 
68 
however, was small and of doubtful significance. Due to the 
variability in measurementsr no conclusions could be made as 
to whether oxygen uptake was in excess of one-half mole per 
mole of ascorbic acid. 
In one experiment, 9-22-4, the data indicated an oxygen 
consumption of less than one-half mole per mole of ascorbic 
acid oxidized. No satisfactory explanation of these results 
can be offered. 
A similar study of the oxygen-ascorbic acid stoichio-
metry was made with two other strains of the organism, 
QM 7989 and QM 7097. The data from these experiments are pre­
sented in Tables 14 and 15. In almost all cases with both of 
these strains the 5 micromole amount was completely oxidized 
in the first hour. Relatively good agreement was observed 
between the manometrie and colorimetric measurements indicat­
ing no excess oxygen uptake. 
The data with the 40 micromole amounts indicated that 
approximately 50 percent of the ascorbic acid was oxidized 
at 3 hours and that the enzyme was probably inactivated by 
4 to 5 hours with strain QM 7989. Again in these experiments, 
variability in measurements allowed no conclusions as to 
whether oxygen uptake was in excess of theoretical stoichio-
metry. With strain QM 7097, only one experiment was carried 
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Table 14. Comparison of manornetrie and colorimetric methods 
of measuring oxygen consumption due to ascorbic 
acid oxidase activity of starved mycelium of strain 
QM 7989 
Expt,^  Time^  Ascorbate Oxygen Ascorbic acid 
uptake disappearance 
(;jmoles) (>il) (>il) (>il) 
4-1-4 60 30 336 130 110 
114 123 
118 110 
120 113 
4—8—4 60 30 336 104 94 
, 92 89 
71 85 
81 92 
4-22-4 75 30 336 131 110 
153 126 
7-28-4 60 5 56 32 51 
60 40 448 135 147 
120 204 176 
180 235 212 
240 269 235 
7-29-4 60 5 56 45 54 
60 40 448 152 158 
120 231 194 
180 267 220 
240 323 263 
S^tandard reaction conditions with 0o033M phosphate 
citrate pH 6,0. 
'^ Flasks removed at specified times and analyzed. 
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Table 14 (Continued). 
Expt«^  Time^  Ascorbate Oxygen Ascorbic acid 
uptake disappearance 
(>jmoles) (>al) (_^ 1) (>il) 
9-15-4 60 5 56 47 54 
60 40 448 123 151 
120 157 174 
240 200 220 
240 207 218 
9-16-4 60 5 56 54 54 
52 54 
10 40 448 38 30 
20 65 40 
30 99 63 
40 123 83 
50 132 91 
60 150 122 
120 188 154 
240 267 217 
9-18-4 60 5 56 55 55 
54 52 
10 40 448 43 59 
20 80 68 
30 113 100 
40 129 122 
50 149 136 
60 143 124 
120 201 178 
300 245 276 
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Table 15, Comparison of manometric and colorimetric methods 
of measuring oxygen consumption due to ascorbic 
acid oxidase activity of starved mycelium of strain 
QM 7097 
Expt.a Time^  Ascorbate 
(pnoles) (>il) 
Oxygen 
uptake 
Cwi) 
Ascorbic acid 
dis appearance 
(>il) 
7-20-4 90 5 56 40 48 
41 50 
43 51 
40 448 77 137 
82 131 
81 148 
7-22-4 70 5 56 41 43 
38 45 
37 44 
40 448 72 122 
68 122 
9-9-4 60 5 56 39 36 
10 40 448 13 14 
20 26 29 
30 38 38 
40 45 40 
50 56 52 
60 59 63 
120 85 70 
180 108 87 
S^tandard reaction conditions with 0,033M phosphate-
citrate pH 6.0, 
b 
Flasks removed at specified times and analyzed. 
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out as far as 3 hours. This experiment indicated that the 
oxidation proceeded very slowly and only about 20 percent of 
the ascorbate was oxidized. Two other experiments, 7-20-4, 
7-22-4, with this strain indicated an oxygen consumption of 
less than one-half mole per mole of ascorbate oxidized. 
Again, a satisfactory explanation of these results could not 
be found. It was concluded, in general, that strain QM 7989 
gave results similar to the original strain, QM 460. However, 
additional work would be necessary before more definite con­
clusions about strain differences could be made. 
Carbon dioxide production 
Dawson and Tarpley (10), working with the higher plant 
oxidase, concluded that the primary oxidation product of 
ascorbic acid was dehydroascorbic acid which could be non-
enzymatically converted to 2,3-diketogulonic acid with no 
further breakdown of these compounds. Lillehoj (31), however, 
found carbon dioxide evolution in all of the Myrothecium 
extracts assayed. In some cases, a lag period of 10 to 20 
minutes was observed in which no carbon dioxide was produced. 
This lag period was not always evident however. White and 
Krupka (62) reported carbon dioxide production with spore 
extracts but not with the mycelial enzyme. They also observed 
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a lag phase in the evolution of carbon dioxide. 
Manometric experiments were conducted to determine if 
there was any carbon dioxide production due to the breakdown 
of ascorbic acid by the unextracted enzyme. This would mean 
that the carbon dioxide evolved in the presence of ascorbic 
acid would have to be significantly in excess of that attrib­
utable to respiration. The results of these experiments are 
presented in Table 16. The tests were run on both unstarved 
and starved mycelium obtained from the same culture. The 
average carbon dioxide difference for the unstarved nycelium, 
attributed to ascorbate oxidation, was about -3 microliters 
per hr. with a range of -24 to 10 microliters per hr. while 
that for the starved mycelium was approximately 2 microliters 
per hr. with a range of -6 to 12 microliters per hr. The 
average respiratory quotients (R.Q.'s) calculated from initial 
rates, for the unstarved and starved mycelia without ascorbate 
were 0.96 and 0.94, respectively. In addition, the average 
R.Q.'s calculated from total oxygen uptake and carbon dioxide 
evolution, were 0.97 and 0.95 respectively for the unstarved 
and starved mycelia without ascorbate. These calculations 
were based on data in Tables 11 and 16. Typical curves of 
these studies are shown in Figure 7. Due to the variability 
encountered, no definite conclusion could be made concerning 
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Table 16. Comparison of ascorbic acid oxidase activity on 
carbon dioxide production in unstarved and starved 
mycelium 
Expt, Treatment^  Carbon dioxide production 
Without 
ascorbic acid 
(^Lil/hr ) 
With 
ascorbic acid 
(;alAr) 
Oxidase 
activity 
(pl/hr ) 
12-3-3 U 152 158 6 
S 20 19 - 1 
12-6-2 u 141 148 7 
s 28 40 12 
H
 
to
 
I H
 0
 
1 W u 194 204 10 
s 26 28 2 
1-21-4 u 144 142 - 2 
s 48 42 - 6 
1-28-4 u 226 202 -24 
s 20 24 4 
2-11-4 u 206 190 -16 
s 58 58 0 
U^nstarved (U), standard reaction conditions with 0.033M 
phosphate-citrate pH 6.0, 0.02M glucose, 0.2 ml. H2O in center 
well. Starved (S), standard reaction conditions with 0.033M 
phosphate-citrate pH 6.0, 0.2 ml, H2O in center well. 
Figure 7. Comparison of rates of carbon dioxide 
evolution in unstarved and starved 
mycelium with and without 0.0IM 
ascorbate. Standard reaction condi­
tions with 0.033M phosphate-citrate 
pH 6.0 
1o Unstarved 
2. Unstarved with ascorbate 
3 » Starved 
4. Starved with ascorbate 
CO? EVOLUTION MICROLITERS 
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whether there was significant carbon dioxide in excess of that 
attributable to respiration. 
Substrate specificity 
MandeIs (37) found that the spore enzyme oxidized 
L-ascorbate but not D-araboascorbate or D-glucoascorbate while 
the squash enzyme oxidized both of these analogs. He also 
observed that very low concentrations of D-araboascorbate 
strongly inactivated the enzyme and this inhibition was not 
reversible with high concentrations of L-ascorbate. This was 
not the case with D-glucoasçorbate, From his limited data, he 
made the cautious suggestion that the spore enzyme might have 
absolute specificity for L-ascorbate. White and Smith (64), 
in their comprehensive study of the substrate specificity of 
the spore and extracted mycelial oxidases, confirmed Mandels 
observations that neither D-araboascorbate nor D-glucoascorb-
ate was oxidized by the spore enzyme. They found that out of 
the 22 analogs tested with the spore enzyme, only L-ascorbate 
was oxidized. However, the mycelial oxidase was less specific 
for the L-ascorbate structure. They observed that low con­
centrations of D-araboascorbate had no inhibitory effect on 
the rate of L-ascorbate oxidation. Since the extracted my­
celial enzyme was less specific for the L-ascorbate structure 
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than the spore enzyme, it was of interest to examine the spec­
ificity of the unextracted oxidase to see if the reported 
differences might possibly be a result of extraction tech­
niques . 
Experiments were conducted with available analogs to see 
if the unextracted oxidase would give similar results to those 
with the extracted enzyme, The results are show in Table 17. 
For 5 experiments, the average activity with 5 micromoles of 
D-araboascorbate was 27 percent of that with ascorbic acid 
with a range of 11 to 40 percent. With 40 micromoles, the 
average activity value was 22 percent with a 13 to 28 percent 
range. There was essentially no difference in the rate of 
oxidation between the two concentrations tested. The 7-C 
analog, L-glucoascorbate, gave an average relative activity 
of 22 percent at 10 micromoles, with a range of 9 to 47 per­
cent. Since this analog was oxidized at such widely varying 
rates with different batches of nycelium, further experiments 
with additional concentrations would be needed before any 
definite conclusions could be made as to whether the unextrac­
ted enzyme reacts more like the spore enzyme than the extracted 
mycelial oxidase. 5,6-Diacetyl-L-ascorbate was found to be 
slowly oxidized (13 percent) in 2 experiments with 10 micro-
moles « Again, experiments with additional concentrations would 
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Table 17. Relative activity of ascorbate analogs as sub 
strates for the starved mycelial enzyme 
Substrate^  Oxidase activity^  
(^ iimoles) {%) (average) 
D-Araboascorbate 5 36, 
11, 
24, 
40 
23, 27 
40 28, 
13, 
28, 
16 
24, 22 
L-Glucoascorbate 10 18, 
13, 
47, 
13, 
9, 
33 
22 
5,6-Diacetyl-L-ascorbate 10 20, 6 13 
S^tandard reaction conditions with 0.033M phosphate-
citrate, pH 6.0. 
P^ercent of rate with L-ascorbate oxidation. 
be needed before any conclusions could be made. 
Since White and Smith (64) had reported that the rate of 
L-ascorbate oxidation by the mycelial enzyme, unlike the spore 
oxidase, was not affected by low concentrations of D-araboas­
corbate, it was of interest to test this compound with the 
unextracted oxidase. The results are shown in Table 18. The 
average activity for D-araboascorbate in these experiments was 
approximately 22 percent of the rate of L-ascorbate oxidation. 
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Table 18. Effect of D-araboascorbate on the oxidation of 
L-ascorbate by the mycelial enzyme 
Oxidase activity (;alAir) 
L-Ascorbate D-Araboascorbate L-Ascorbate 
+ D-Araboascorbate 
1-27-2 89 15 32 
1-23-2 88 25 29 
3-28-2 49 10 13 
S^tandard reaction conditions with 0.033M phosphate-
citrate pH 6,0, 30 micromoles of L-ascorbate and D-araboas­
corbate, 
It was evident that the D-araboascorbate had an inhibitory 
effect on the oxidation of L-ascorbate since the rate in the 
presence of both of these compounds was not much greater than 
that with D-araboascorbate alone. It was concluded from the 
tests with these analogs that the specificity of the unextrac-
ted mycelial enzyme differed from that of the extracted 
enzyme, 
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DISCUSSION 
The main object of this study was to determine some of 
the properties of the mycelial ascorbic acid oxidase of Myro-
thecium in its unextracted or native state and to make com­
parisons with work done previously on the spore and extracted 
mycelial oxidases. Previous evidence (61) had indicated this 
was possible because of the apparent surface-location of the 
mycelial enzyme. Since the substrate specificity and the ef­
fect of pH on the activity of the extracted enzyme had been 
found to be different from that of the spore and higher plant 
oxidases, the possibility existed that the enzyme had been al­
tered on extraction and partial purification. In order to 
study this problem, a method had to be found to estimate acti­
vity of the unextracted mycelial enzyme utilizing oxygen up­
take . 
Since an estimate of the ascorbic acid oxidase activity . 
involved oxygen uptake, the possibility of eliminating or re­
ducing respiration as an interfering factor was considered. 
Previous work had indicated that this could be accomplished by 
the use of the selective inhibitors, antinycin a and SN 5949, 
which would block respiration and not have an effect on the 
oxidase, Hilton (19) had obtained 95 percent inhibition of 
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respiration with 1.7 micrograms per ml. of SN 5949. White (61) 
had found that mycelial respiration was inhibited about 97 per­
cent with 10 micrograms per ml. of either SN 5949 or antinycin 
a. In addition, he found that the extracted ascorbic acid oxi­
dase was not inhibited by even higher concentrations. However, 
experiments conducted in this study indicated a high degree of 
inhibition of mycelial respiration could not be obtained. With 
antimycin a, a concentration as high as 22 micrograms per ml. 
gave only 64 percent inhibition and 11 micrograms per ml. was 
about as effective. SN 5949 gave a slightly higher inhibition 
of respiration (77 percent) at 23 micrograms per ml. but, 
again, approximately one-half this concentration was just as 
effective. Additional tests disclosed that concentrations 
above 13 micrograms per ml. were precipitating out of solution 
and this was probably one reason a greater inhibitory effect 
on respiration could not be achieved. 
White (61) reported a pH optimum of 4.5 for the mycelial 
oxidase while MandeIs (38) had found a broad optimum from pH 
4,5 to 7 or 8 with the spore enzyme. Additional experiments in 
the present study with pH 6,0 indicated that a slightly greater 
degree of inhibition could be obtained without having much ef­
fect on the oxidase. This inhibition, however, was still much 
less than the con^ lete or nearly complete inhibition which was 
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desired. In addition, a recovery of respiration from inhibi­
tion by antimycin a and SN 5949 was observed. This had been 
reported previously (19) but only at concentrations lower than 
1 microgram per ml. 
After these inhibitor studies had been completed, Kidder 
(26), investigating the inhibitor resistant respiration of 
Myrothecium, reported a similar low inhibition of respiration 
with antimycin a. In extending the studies of Darby and God-
dard, he concluded that the effects of antimycin a on the in­
tact organism were not clear cut. He found that 25 micrograms 
per ml, had a possible slight effect on the endogenous respir­
ation of spores at low oxygen tensions only and that 2.5 micro­
grams per ml. had about the same effect on a 48 hour culture. 
The higher degree of respiratory inhibition obtained in the 
present study was probably due to the fact that younger (24 
hr.) cultures were used. 
Darby and Goddard (7) first reported that respiration of 
intact mycelium was relatively insensitive to O.OOIM cyanide. 
Kidder and Goddard (27) also observed this insens itivity to 
cyanide although they found an apparently normal cytochrome 
system by spectroscopic measurements. They found that the 
"3 highest concentration of cyanide tested, 0.46 X 10 M, gave 
only about 20 percent inhibition of respiration v^ ereas lower 
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concentrations (10 ^  to 10""^ M) gave stimulations of 70 and 100 
percent respectively. Hilton and Smith (20), however, using 
young mycelium, found that their preparations were more sensi­
tive to cyanide than those of Darby and Goddard (7). This lat­
ter observation proitpted experiments to test the effect of 
O.OOIM cyanide on nycelium of varying ages to see if a high 
and reproducible degree of respiratory inhibition could be ob­
tained. The results indicated an increase in cyanide sensi­
tivity with younger n^ celium. Older mycelium (40-48 hrs.) was 
inhibited an average of 32 percent while intermediate age my­
celium (24-27 hrs.) was inhibited an average of 63 percent with 
large amounts of variation in both cases. Young mycelium 
(15-18 hrs.), however, showed almost complete inhibition in 
every case, A recovery of respiration from cyanide inhibition 
was observed with both intermediate age and older mycelium. 
Also, the percentage inhibitage inhibition increased in some 
cases with intermediate age nycelium. Although the desired 
inhibition of respiration was achieved with young nnycelium, 
an apparent stimulation of oxidase activity ruled out its use 
as a reliable method of ascorbic acid oxidase measurement. 
The failure to obtain a sufficient and reproducible de­
gree of inhibition of respiration with inhibitors which block 
the cytochrcme system nullified its use as a tool for studying 
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ascorbic acid oxidase activity. The variable results make it 
difficult to explain v/hy the method was not satisfactory. The 
recovery from inhibition caused by antimycin a and SN 5949 
suggests that >^ rothecium has the ability to partially inacti­
vate these compounds either by actual metabolism of the com­
pounds or by combination with tissue proteins. Permeability 
of the cell membrane also might be a limiting factor in inhi­
bition of respiration by these compounds. This would result in 
a lower inhibitor concentration inside the cell than in the 
external medium. The relative insensitivity to cyanide inhi­
bition would suggest either an excess of cytochrome oxidase in 
relation to cytochromes b &nd c or an alternate pathway of 
electron transport through cytochromes of the b-type (by, b^ ) 
which is cyanide resistant. 
The results with inhibitors in this study did not agree 
with those of Hilton (19) and White (61), The 15 hour cul­
tures appeared to behave like the 24 hour cultures used in 
their studies. This might possibly have been due to some vari­
ation in the strain or in the growth conditions which made the 
cultures in this study more aged. The respiratory mechanism 
of the organism seemed to change with age in sensitivity to 
these inhibitors. The sensitivity to cyanide decreased with 
increasing age of the mycelium. This observation is partially 
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supported by the work of Kidder (26) who found only 20 percent 
inhibition of respiration in 48 hour cultures with 0.46 X 10""^ M 
cyanide. 
Since considerable variation had been observed both among 
and within experiments due in part to difficulties in handling 
the mycelium, use of a single flask for the measurements was 
investigated to see if a more precise method would result. The 
comparison of the single and double flask methods indicated 
that oxygen uptake due to ascorbic acid was considerably lower 
in the single flask in most cases because the respiratory rate 
was not linear for a sufficient time. A decrease in the rate 
of respiration resulted in an underestimation of the oxidase 
activity indicating the method was not satisfactory. The ad­
dition of glucose as a substrate did not improve the results. 
Since attempts to inhibit mycelial respiration suffici­
ently with inhibitors had not been successful, starvation of 
the mycelium to lower the respiratory rate was investigated. 
Starvation did reduce respiration an average of 80 percent. 
These results indicated that this method would give the most 
accurate estimate of ascorbic acid oxidase activity. In every 
case, however, the calculated ascorbic acid oxidase activity 
was higher in starved than in unstarved itycelium. This was 
probably a result of greater precision in the oxidase activity 
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values obtained by suppressing respiration to a consistently 
low level» 
This raised a question as to vAiether ascorbic acid was 
having an inhibitory effect on respiration which would lead to 
inaccurate measurements of oxidase activity. White (61) had 
presented evidence that this was not the case. He found a 
short-term exposure of either the mycelium or the mycelial 
extract to dilute acid resulted in complete inactivation of 
the oxidase. Addition of ascorbate to the nycelium following 
acid treatment revealed no oxidase activity while endogenous 
respiration was not significantly altered. The possibility 
that a certain amount of oxidase activity due to incomplete 
inactivation of the enzyme might remain and obscure the inhi­
bition of respiration was rejected since it is unlikely that 
the same amount of enzyme v/ould remain active in every case 
after acid treatment. Additional evidence obtained in this 
study, based on reaction inactivation, confirmed that ascorbic 
acid was not inhibitory to respiration. 
The stoichiometry reported for the ascorbic acid oxidase 
from higher plant sources (13) involved the utilization of one-
half mole of oxygen per mole of ascorbic acid. This same re­
lationship has also been reported for the spore and mycelial 
extracts of t^ rothecium (38, 61). 
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Lillehoj (31), however, working with Myrothecium extracts, 
demonstrated an oxygen uptake in excess of the expected stoi­
chiometry, Carbon dioxide was also produced during the reac­
tion, White and Krupka (62) have recently reported that I^ ro-
thecium contains both an oxidase and an oxygenase that are 
specific for the oxidation of ascorbic acid. The two enzymes 
apparently have a different oxygen stoichiometry with the oxy­
genase utilizing one mole of oxygen per mole of ascorbate oxi­
dized with the formation of oxalic and threonic acids as pro­
ducts. They also suggested that the carbon dioxide is due to 
the action of oxalic decarboxylase, Lillehoj and Smith (32), 
however, have shown that there was no change in excess oxygen 
consumed, carbon dioxide produced or ascorbic acid oxidase 
activity when the oxalic decarboxylase was inhibited. 
Experiments to determine the oxygen stoichiometry of the 
unextracted ascorbic acid oxidase gave somewhat variable re­
sults. With small amounts (5 micromoles) of ascorbate, oxi­
dation was essentially completed in the first hour. There was 
no evidence of oxygen consumption in excess of theoretical 
stoichiometry. With 40 micromoles, less than 50 percent of 
the ascorbate was oxidized at 3 hours. This value was essen­
tially the same at 5 hours indicating that reaction inactiva-
tion had occurred. In only two experiments was evidence of 
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oxygen uptake in excess of expected stoichiometry found. This 
excess, however, was small and variable. Since the excess was 
small compared with variability in measurements, no conclusions 
could be made as to the significance of this data without ad­
ditional work. 
A similar study of the oxygen-ascorbic acid stoichiometry 
with two other strains, QM 7989 and QM 7097, of the organism 
indicated that, in general, QM 7989 gave results similar to 
the original strain, QM 460. Again, the variability in measure­
ments allowed no conclusions as to whether oxygen uptake was 
in excess of theoretical stoichiometry. 
Lillehoj (31) found that carbon dioxide was produced in 
all J'^ othecium extracts assayed. He also discovered an oxal­
ic acid decarboxylase (31) but concluded that this enzyme was 
not responsible for the observed carbon dioxide as inhibition 
of the enzyme did not affect carbon dioxide evolution. White 
and Krupka (52) reported carbon dioxide production with spore 
extracts but not with the mycelial extracts. 
Experiments carried out with the unextracted oxidase in­
dicated no significant carbon dioxide production due to ascor-
bate breakdown. However, due to the variability encountered, 
more work would be necessary before a definite conclusion could 
be made. In addition, experiments with labeled ascorbic acid 
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would•be imperative to establish if decarboxylation occurs 
and, if so, where the molecule is cleaved. 
In general, the stoichiometric measurements were obscured 
by the large amount of variation. This indicates that measur­
ing the enzyme activity by this method is not precise enough 
to determine if there is excess oxygen consumption or carbon 
dioxide production due to the variability encountered. 
MandeIs (37) observation that the spore enzyme oxidized 
only L-ascorbate led to the suggestion that the spore oxidase 
might have an absolute specificity for L-ascorbate. Low con­
centrations of D-araboascorbate strongly inactivated the enzyme 
and this was not reversible. White and Smith's (64) compre­
hensive study with both the spore and extracted mycelial en­
zymes ccmfirmed the apparent absolute specificity of the spore 
enzyme. The mycelial oxidase, however, was less specific for 
the L-ascorbate structure. 
Experiments comparing the initial rates of L-ascorbate 
and ascorbate analog oxidation indicated that D-araboascorbate, 
which has the opposite C-5 hydroxyl configuration to L-ascorb­
ate, gave an average activity value of 27 percent of that of 
L-ascorbate with 5 micromoles and 22 percent with 40 micro-
moles. This was considerably less than the 38 to 88 percent 
observed by White and Smith (64) with the extracted enzyme. 
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L-glucoascorbate, a 7-C analog with the same ring configura­
tion as L-ascorbate, showed an average activity value of 22 
percent with 10 micromoles. This was particularly interesting 
since White and Smith (64) had found this analog was oxidized 
by the extracted enzyme almost as rapidly as L-ascorbate. 
5,6-Diacetyl-L-ascorbate was found to be slowly oxidized (13 
percent) with 10 micromoles. White and Smith (64) had found a 
relative rate of 50 percent of L-ascorbate oxidation with this 
analog. The range of variability encountered in the measure­
ments with the latter two analogs indicates that additional 
experiments are neededo 
D-araboascorbate had an inhibitory effect on L-ascorbate 
oxidation by the unextracted oxidase as the rate in systems 
containing both these compounds was not significantly greater 
than those vd.th D-araboascorbate alone. L-glucoascorbate and 
5,6-Diacetyl-L-asGorbate, on the other hand, did not inhibit 
the rate of L-ascorbate oxidation. The former observation was 
interesting since White and Smith (64) had reported that low 
concentrations of D-araboascorbate had no effect on the rate 
of L-ascorbate oxidation by the extracted mycelial enzyme. In 
future experiments, the mycelium should be preincubated with 
D-araboascorbate for varying time intervals before L-ascorbate 
addition to see if inhibition is a function of the time of 
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previous exposure. 
The results with the analogs tested indicate that the un-
extracted oxidase behaves differently from the extracted my­
celial enzyme. The irycelial enzyme in its native state shows 
less activity toward ascorbate analogs than the extracted oxi­
dase indicating that it is I'riore like the spore oxidase. How­
ever, experiments on the substrate specificity of this unex-
tracted oxidase with additional ascorbate analogs would be 
needed to determine conclusively if the enzyme has been altered 
by extraction. 
If the mycelial and spore enzymes are the same, the loss 
of specificity by the mycelial enzyme must occur during ex­
traction, Some limited observations with the spore enzyme 
have indicated that it also shows a loss of specificity with 
unfavorable treatment. More work on mild denaturation of the 
spore enzyme to varying degrees might help to establish conclu­
sively if it is the same as the extracted mycelial enzyme. 
For future studies with the unextracted oxidase, a more 
precise method for measuring oxidase activity must be found to 
reduce the large amount of variation. The use of an oxygen 
electrode method for measurements would be a possibility. The 
increased sensitivity of a method of this type would not only 
reduce the time of measurement but also allow oxygen consump­
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tion due to respiration and to oxidase activity to be measured 
on the same aliquot of mycelium. After the development of a 
more sensitive method, the properties of the unextracted oxi­
dase could be further established by determining the tempera­
ture sensitivity, pH activity, substrate affinity and oxygen 
affinity. 
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SUMMARY 
1= In seeking a method for ascorbic acid oxidase measurement 
based on oxygen consumption which would be applicable to 
mycelium, antimycin a, SN 5949 and cyanide did not give a 
sufficient and reproducible degree of respiratory inhi­
bition, Also, mycelial respiration could recover from 
inhibition by these compounds. 
2. The single flask method for measuring oxygen consumption 
did not provide a satisfactory measure of ascorbic acid 
oxidase activity. 
3. Starvation of the mycelium reduced respiration an average 
of 80 percent. The higher values for ascorbic acid oxi­
dase activity under these conditions were probably a 
result of greater precision obtained by suppressing res­
piration to a consistently low level. 
4. Evidence based on reaction inactivation indicated that 
ascorbic acid was not inhibitory to respiration indicating 
that oxygen uptake could be measured by difference between 
systems with and without ascorbate. 
5. The method of assay for enzyme activity was not precise 
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enough to determine if there was excess oxygen uptake or 
carbon dioxide evolution due to the variability encount­
ered. 
Due to the variability encountered in the measurements, 
no definite conclusions could be made about strain differ­
ences . 
The ascorbic acid oxidase in intact mycelium behaves dif­
ferently from the extracted enzyme on the basis of the 
substrate analogs tested. The lower activity toward these 
analogs indicates that the oxidase in intact mycelium is 
more like the spore enzyme than the extracted mycelial 
enzyme. Therefore, it appears that only one ascorbic 
acid oxidase is present in ît/rothecium verrucaria. 
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